fish stocks and the rate at which declines are occurring can be debated, there is agreement that declines are likely to persist without strategic management (e.g., Branch, Jensen, Ricard, Ye, & Hilborn, 2011; Worm et al., 2009) . Small island developing states (SIDS), such as The Bahamas, are vulnerable to the impacts listed above and have experienced declining trends for many commercially important species (e.g., Stallings, 2009; Stoner, Davis, & Booker, 2012a; Stoner, Davis, & Booker, 2012b Sherman, Dahlgren, Stevens, & Tyler, 2016 .
Managing fisheries in SIDS is particularly challenging due to the combined effects of limited means for monitoring and enforcement, the strong sociocultural and economic drivers associated with harvesting resources for local consumption and export and the highly complex and dynamic nature of the marine ecosystems and governance frameworks under which they exist (Douglas, 2006; FAO, 1999) .
Fisheries and marine resource management in The Bahamas is further complicated by its broad spatial scale. The country consists of 700 relatively flat islands and 3,000 cays encompassing ~300,000 km 2 of land and sea (Buchan, 2000 ; Figure 1 ). The islands of New Providence and Grand Bahama are the most developed and heavily populated with approximate population sizes of 250,000 and 50,000, respectively (Mackey et al., 2010) . The remaining inhabited islands, referred to as Family Islands, are more remote with limited infrastructure and smaller population sizes (range 72-17,224 people; Mackey et al., 2010) .
As of 2010, at least 1% of the surveyed population (351, 461 people) directly earned a living through commercial fisheries in The
Bahamas (Anon, 2010 (Anon, , 2012 . While tourism is the primary industry, contributing 43.6% of the total gross domestic product (GDP) in 2014 to The Bahamas (Anon, 2014) , fisheries are inherently connected to the industry with demands for local fish protein from both tourists and residents alike (Smith & Zeller, 2013) . In addition to supporting the tourism industry, commercial fishing contributes to 2% of the GDP (Anon, 2014) . Subsistence fishing for personal food security is undocumented but is critically important, particularly in the Family Islands. Given the importance of the fisheries sector to The Bahamas, and the current movement of the United Nations F I G U R E 1 Map of The Bahamas showing major fishing islands and fishing banks sustainable development goals (http://www.un.org/sustainabledevelopment/), this review aimed to: (a) provide a timely synthesis and assessment of the main contemporary extractive fisheries in terms of stock status and management challenges; (b) examine emerging fisheries and their implications for potential economic and food security; and (c) highlight conservation and management strategies for species that influence ecosystems and the economy in The Bahamas.
| Contemporary fisheries in The Bahamas
Contemporary Bahamian fisheries comprise commercial, sport, recreational and subsistence fishing, with most of the reported revenue generated from commercial fishing (Smith & Zeller, 2013) .
Commercial fishing typically occurs on Great Bahama, Little Bahama and Cay Sal banks and is legally restricted to vessels owned by Bahamians (Anon, 2008 ; Figure 1 ). Commercial fisheries data are collected via sampling at a proportion of frequently used landing sites and from purchasing reports from seafood processing companies (Smith & Zeller, 2013) . Main landing sites in The Bahamas are located on the islands of New Providence, Eleuthera, Grand Bahama, Abaco and Long Island (FAO, 2009) , although fishing occurs throughout the country. Data on recreational and subsistence fisheries sectors are not routinely collected due to limited resources. Sport fishery data are occasionally collected during tournaments, but the quality and accuracy of these data are variable (Smith & Zeller, 2013) . However, in a recent economic valuation, recreational and sport fisheries have been reported to generate approximately US $527 million per annum (Maycock, 2016) . Since 1980, the Department of Marine Resources (DMR) has produced annual reports based on data collated from the country.
All fisheries are primarily managed by the Government of The Bahamas through the DMR, which is responsible for the sustain- Table S2 ). For recreational fisheries, foreign vessels are assigned bag limits that restrict harvest to 9.07 kg of scalefish, 6 conch and 10 spiny lobster per vessel at any time. However, for all marine species harvesting through SCUBA diving and the use of spear guns is prohibited throughout the country.
Of all fishery species, Caribbean spiny lobster, queen conch and Nassau grouper are monetarily the most valuable species, generating over US $1.4 billion per annum in combined commercial landings for The Bahamas over the past two decades (Supporting Information   Table S1 ) but are at risk of overexploitation. Current management practices and monitoring efforts of the three most valuable species in The Bahamas are described below, followed by a discussion of how these fisheries could become sustainable through additional management actions.
| S PECIE S AT RIS K

| Caribbean spiny lobster
The Caribbean spiny lobster represents the mainstay of the commercial fishing industry in the archipelago (FAO, 2009 (Sullivan, 2013) . Due to the volume of landings, the high value (Supporting Information   Table S1 ), the number of fishers employed (approximately 9,300 individuals; FAO, 2009 ) and the use of vessels that can operate up to 4 weeks at sea, the Caribbean spiny lobster fishery is the only truly large-scale commercial fishery in The Bahamas (Smith & Zeller, 2013 ).
The IUCN Red List designation for the Caribbean spiny lobster is "data deficient" (Butler, Cockcroft, MacDiarmid, & Wahle, 2011;  Supporting Information Table S2 ) and for The Bahamas the status of the stock has been unknown due to uncertainty in the length- (Callwood, 2016) . High harvest of Caribbean spiny lobsters may have significant impacts on reef ecosystems because of their important ecological roles on reefs (e.g., Boudreau & Worm, 2012) . Similarly, fishing gears like condos can affect benthic communities and patch reef dynamics (e.g., Mintz, Lipcius, Eggleston, & Seebo, 1994) . As such, understanding the ecosystem impacts of high harvest of lobsters and use of fishing gears on benthic community structure are essential for ecosystem-based management efforts in The Bahamas.
| Queen conch
Queen conch has been a significant part of The Bahamas fishery since the time of the Lucayans (900-1,500 AD) and remains the most important fishery species as a dietary staple and cultural icon.
Queen conch is also economically important, constituting the second biggest fishery in the country, with landings valued between US $3-5 million per year (Supporting Information Table S1 ). A total of 182,271 kg in queen conch meat and products generated over Table S2 ). Regulations include a ban on fishing queen conch without the shell having a fully formed flared lip, a ban on use of SCUBA and an export quota (Supporting Information Table S2 ).
Queen conch are important grazers in seagrass and macroalgal communities, which in turn contribute to the health of coral reef systems (Lapointe et al., 2004) . They exhibit slow growth and maturation, attaining sexual maturity at ~ 6 years old and a shell lip thickness of 15 mm (Stoner, Mueller, Brown-Peterson, Davis, & Booker, 2012) . The species also exhibits density-dependent reproduction, with a minimum density of 50-75 adult queen conch/ha required for reproduction (Stoner et al., 2012a) . Because of its life history characteristics, high market demand and unsustainable harvesting, queen conch populations are threatened throughout their range (Theile, 2005) . As a result, queen conch has been listed on Appendix bs/science/conchservation). In addition to education and legislative efforts, more comprehensive stock assessments are also needed.
Although assessments have been completed in several queen conch fishing grounds (Stoner, Davis, & Booker, 2009 Thomas, Auscavitch, Brooks, & Stoner, 2015) , large areas of the country have not been surveyed that are vulnerable to overfishing (Stoner, Davis, & Booker, 2015) . As density is an important consideration for management, with a goal of maintaining minimum densities of 100 adult queen conch/ha (Stoner et al., 2013) , these surveys are critically needed. Future research should also include identifying high-quality habitat and better understanding source-sink dynamics (Kough et al., 2017) to inform the placement of MPAs.
| Nassau grouper
Nassau grouper, widely dispersed among insular marine habitats (Sadovy & Eklund, 1999) , are normally solitary but migrate long distances seasonally to reproduce at transient fish spawning aggregations (FSAs) in synchrony with the lunar cycle (Dahlgren, Buch, Rechisky, & Hixon, 2016) . High catchability during the annual reproductive season at spatially predictable FSAs combined with slow growth and sexual maturity has led to significant declines (~60%)
in global Nassau grouper populations (Sadovy de Mitcheson, & Colin, 2012) . Consequently, Nassau grouper has been reclassified by the IUCN as critically endangered (Supporting Information Table   S2 ) and was officially listed as threatened under the United States Endangered Species Act in June 2016 (Carpenter, Claro, Cowan, Sedberry, & Zapp-Sluis, 2015; Federal Register, 2016) .
Like queen conch, Nassau grouper is an iconic species and a staple of the Bahamian diet, providing income for thousands of fishers through a commercial fishery (Cushion & Sullivan-Sealey, 2008) . Sherman et al. (2016) reported that the average revenue generated from the commercial Nassau grouper fishery exceeds US $1 million per year. Over the last 20 years, a total of 4,698,310 kg of Nassau grouper, valued at more than US $32.5 million, have been landed in The Bahamas (Supporting Information Table S1 ). However, the overall economic contribution to the country remains unquantified because income derived from subsistence and recreational fisheries has not been evaluated.
Overfishing and subsequent FSA collapses have been reported throughout the native range of the species (Sala, Ballesteros, & Starr, 2001; Stump, Dahlgren, Sherman, & Knapp, 2017) . Drastic reductions in Nassau grouper abundance are likely to impact negatively the long-term survivability of the species and overall reef health (Sadovy de Mitcheson & Colin, 2012) . Compared with the Caribbean, densities and sighting frequencies of Nassau grouper in
The Bahamas are relatively high (Dahlgren, Sherman, Lang, Kramer, & Marks, 2016; Stallings, 2009 ). This may be due to availability of required habitats or the occurrence of a greater number of reported Nassau grouper FSAs in the country. However, an analysis of longterm fishery-independent underwater visual survey data collected over 14 years shows significant declines in Nassau grouper densities throughout The Bahamas .
These declines have occurred despite Nassau grouper having received some level of harvest restriction in The Bahamas for the past three decades ; Supporting Information Table   S2 ). A minimum size limit (≥1.36 kg) and seasonal closures for Nassau Table   S2 ). Overfishing, inadequate enforcement and annual variability in the length and timing of fisheries regulations have contributed to declines in abundance of 70% or more (Cheung, Sadovy, Braynen, & Gittens, 2013) with predictions of extinction due to overexploitation (Sadovy de Mitcheson et al., 2013) . Sherman et al. (2016) reported that commercial landings of Nassau grouper have declined by 86% throughout the country, with 20%-40% of reported landings caught illegally during the closed season, highlighting the need for a more strategic approach to conservation management for the species.
Evidence that most fish of the minimum size are immature (Sadovy & Colin, 1995) and do not make spawning migrations (Dahlgren, Buch, et al., 2016 ) also suggests that a larger minimum size is needed.
Management recommendations for Nassau grouper have been outlined by Sherman et al. (2016) , and a national conservation management plan is being developed to facilitate population recovery (Sherman, Dahlgren, & Knowles, 2018) . Conservation of Nassau grouper is dependent on the timely implementation of science-based recommendations by policy makers and a shift in public attitudes and perceptions regarding compliance for national fishery regulations and ongoing conservations efforts .
| ACHIE VEMENTS IN S PECIE S CONS ERVATION
While improved management of the Caribbean spiny lobster, queen conch and Nassau grouper fisheries is advocated, it is also valuable to highlight promising steps in the management of other Bahamian fisheries. Here, achievements in conservation for a variety of shark, sea turtle and bonefish species are discussed, along with future suggestions for their management.
| Shark conservation in The Bahamas
The Bahamas are home to a diverse and abundant elasmobranch assemblage which supports the largest shark-diving industry in the world, estimated to contribute US $113.8 million annually to the local economy (Haas, Fedler, & Brooks, 2017) North Atlantic and Bahamian waters (Lea et al., 2015) , declined 22%
in the same period (Edward Brooks, Cape Eleuthera Institute, unpublished data).
The continued exploitation of highly migratory species has implications for the economy of several Bahamian Family Islands.
In particular, "rare-species" dives that focus on interactions with highly migratory charismatic species in specific locations at spe- Genter, 2016) to the Bahamian economy, it is imperative that The
Bahamas becomes an active participant in the regional management of these species to ensure that sustainable management and conservation practices are extended throughout their range. León & Bjorndal, 2002) , nutrient enrichers of beach and dune systems during nesting (Vander Zanden, Bjorndal, Inglett, & Bolten, 2012) and as prey for various beach and marine predators. Research to date has focused on the foraging behaviour, movement patterns and growth rates of juvenile green and hawksbill sea turtles in tidal mangrove creeks and seagrass pastures (Bjorndal, Bolten, & Chaloupka, 2000; Bjorndal & Bolten, 2010) . Studies that estimate carrying capacities of different habitats, as well as the positive and negative effects (Heithaus et al., 2014; Lal, Arthur, Marbà, Lill, & Alcoverro, 2010) of sea turtles within marine ecosystems will aid in future conservation strategies of these species.
| Sea turtle research and conservation
| Bonefish research and management
Bonefish (Albula spp.) are the centrepiece of an economically and culturally important recreational flats fishery in The Bahamas (Fedler, 2010) . Much of the historical fishing mortality on bonefish came from "hauling" (i.e., seining and block netting) and hand lining, and catch was often consumed or sold to local communities (Danylchuk, Adams, Cooke & Suski, 2008) . The development of the recreational fishery in the mid-1960s along with regulations enacted in 1986 that prohibited hauling and commercial sale of bonefish changed this fishery to primarily catch and release (BDF, 1986) . Today, the vast majority of fishing pressure comes from recreational fishing with few subsistence fishers that harvest bonefish for consumption (Danylchuk, Adams, et al., 2008) . Overall, the fishery has evolved from primarily harvest to almost exclusively a high-value recreational catch-and-release sport fishery (Adams & Murchie, 2015) .
This non-extractive fishery generates approximately US $140
million per year for The Bahamian economy, with most of the revenue going to Family Islands rather than the main population and tourism centres (Fedler, 2010) . On some islands, these revenues are a substantial portion of overall tourism. For example, over 80% of the tourism expenditures on Andros come from flats anglers that spend money on guides, food, accommodation, tackle and airfare (Fedler, 2010) . The conservation status of bonefish remains unknown throughout much of the world, including The Bahamas.
Recently, bonefish were listed as near threatened on the ICUN Red List of Threatened Species, with particular emphasis on declining bonefish stocks in the Florida Keys, St. Croix, Bermuda and the Yucatan Peninsula (Adams et al., 2012) . Although the causes of declines are unclear, bonefish display a high degree of site fidelity, which could make them particularly susceptible to habitat loss (Adams et al., 2012; Murchie et al., 2013) . Bahamian bonefish stocks could face declines similar to those observed in Florida (see Santos et al., 2017) if conservation measures (e.g., habitat protection) are not implemented. Estimates of bonefish population structure and abundance in The Bahamas are priorities for determining their conservation status.
Substantial research on bonefish in The Bahamas has focused on best handling practices to ensure survival postrelease, resulting in publication of a leaflet that has been shared with anglers, guides and lodges (Adams & Cooke, 2015) . Key findings indicate that limiting air exposure, minimising fight time, handling fish with wet hands, not using lip-gripping devices and fishing in locations with low predator densities improve survival (Cooke & Philipp, 2004; Cooke et al., 2008; Danylchuk et al., 2007; Hannan, Zuckerman, Haak, & Shultz, 2015 Suski et al., 2007) . Based on anecdotal evidence (i.e., informal discussions with anglers and guides, blog photos and popular press articles), it appears that anglers and guides have adopted many of these best practices; however, future research should evaluate the extent of the application of best practices. More recently, research priorities have shifted to focus on population connectivity by identifying migration corridors, spawning aggregations, larval dispersal and genetic structure throughout the region (Danylchuk et al., 2011; Murchie et al., 2013 Murchie et al., , 2015 Wallace & Tringali, 2016) . Outcomes from these studies have the potential to influence the placement and management of MPAs that protect key habitats and stocks, thereby helping to conserve this species (Grüss, Robinson, Heppell, Heppell, & Semmens, 2014) .
The Government of The Bahamas designated marine parks on the north and east side of Grand Bahama, southern Abaco, and the west side of Andros that will protect several bonefish migration routes and spawning aggregations.
Identifying additional foraging habitat, migration routes, spawning aggregations and larval dispersal routes, particularly in the southern portion of the archipelago, should be the focus of future research. Lastly, research on the response of bonefish to climate change stressors in the nearshore environment has indicated that bonefish will likely be more vulnerable to increases in temperature than other fish species (Shultz, Zuckerman, Stewart, & Suski, 2014; Shultz, Zuckerman, & Suski, 2016) . Bonefish habitats that act as thermal refuges (e.g., deeper water and upwellings) may be critical to include in MPAs as sea surface temperature increases in the future. Overall, due to its economic and cultural importance, coupled with high levels of catch and release by recreational anglers, this fishery has benefited from increased regulations by the DMR and self-regulation from the angling community (i.e., encouraging fellow anglers to follow best handling practices). Anglers and guides should unify and incorporate the best available science to lobby for improved regulations (e.g., fines for habitat destruction), additional enforcement and habitat protection to ensure that bonefish remain the centrepiece of Bahamian flats fisheries that benefit local economies.
| EMERG ING FIS HERIE S
While traditional fishery taxa (e.g., Caribbean spiny lobster, groupers and snappers) are of greatest economic and cultural importance to the Bahamian fisheries sector, several new fisheries have recently emerged. These fisheries have become established due to declines in traditional fishery species and other influences including social and economic factors as well as advances in biomedical research, such as the use of bioactive compounds derived from marine organisms in drug development (e.g., Haefner, 2003) . Emerging fisheries have the potential to expand the fishing sector, improve food security and provide income to a greater number of fishers. However, they present new challenges for management due to lack of data on landings, population dynamics and the ecological function of these species.
Some examples of emerging fisheries include parrotfishes, sea cucumbers and gorgonians. Two examples of emerging fisheries within
The Bahamas are presented.
| Parrotfishes
As recently as the mid-2000s, parrotfishes (Scarinae) were only taken as by-catch in fish pots and occasionally used for bait (Mumby et al., 2006) . Over the past decade, however, large parrotfish species, such as stoplight parrotfish, Sparisoma viride (Bonnaterre), are commonly found at local landing sites and fish markets for sale on several islands, and surgeonfishes (Acanthuridae) are also seen on occasion (Craig Dahlgren, Perry Institute for Marine Science, unpublished data). The development of this fishery is of concern due to the ecological role that herbivores play as grazers on coral reefs.
As high abundances of large parrotfishes are linked to decreases in macroalgal cover and increases in coral recruitment (Mumby et al., 2006 (Mumby et al., , 2007 , removal of individuals from the ecosystem may have detrimental effects. The role of parrotfishes as grazers is particularly important for reef health in The Bahamas, as other known important grazers such as the long-spined sea urchin, Diadema antillarum Philippi, are rare . At present, The Bahamas has greater densities of large parrotfishes than other parts of the Caribbean , but the development of this emerging fishery poses a danger to these populations and the ecological function that they serve. Research is currently underway to assess the harvest of parrotfish, including how it varies across The Bahamas, which species are being targeted and how the development of the fishery is affecting populations.
While studies into the extent of this fishery and factors driving its emergence have only just begun, contributing issues are likely the depletion of other fishery resources and an increased demand for parrotfish among immigrants from Haiti and other parts of the Caribbean where parrotfishes are a traditional food (e.g., Ferry & Kohler, 1987; Hawkins & Roberts, 2004) . Other countries around the region, including Belize, Bonaire, Bermuda and the Dominican
Republic have either banned parrotfish fishing or imposed gear restrictions to limit their harvest (e.g., Jackson, Donovan, Cramer, & Lam, 2014) . Studies from Bermuda illustrate how fishing has reduced biomass and skewed sex ratios of parrotfish, although these effects may be reversible over 3-6 years following a fishing ban (O'Farrell, Harborne, Bozec, Luckhurst, & Mumby, 2015; O'Farrell, Luckhurst, Box, & Mumby, 2015) . While the parrotfish fishery currently serves an emerging domestic market, and may be developing as an export fishery, management decisions must examine its value as a commercial fishery weighed against its ecological value in maintaining the health of coral reefs (Bozec, O'Farrell, Bruggemann, Luckhurst, & Mumby, 2016) and the ecosystem services that reefs provide to The Bahamas.
| Sea cucumbers
New access to international markets by Bahamian fishers has led to a fishery for holothurians or sea cucumbers that are a valuable commodity in many Asian markets. Unfortunately, due to density-dependent reproduction, many sea cucumbers stocks are easily overfished and have very slow rates of recovery (e.g., Friedman, Eriksson, Tardy, & Pakoa, 2011) . Sea cucumbers play an important ecological role in tropical marine systems as bioturbators and processors of detritus, thereby altering infaunal communities (Dahlgren, Posey, & Hulbert, 1999) and enhancing benthic microalgae and eelgrass growth (Wolkenhauer, Uthicke, Burridge, Skewes, & Pitcher, 2010) . Loss of sea cucumbers may have significant ecological consequences for other species that live or feed in soft substrates or seagrass habitats.
In 2010, a small-scale export fishery for sea cucumbers opened in north Andros targeting two commercially valuable shallow water species, the donkey dung or "brown" sea cucumber, Holothuria mexicana Ludwig, and the furry or "green" sea cucumber, Astichopus multifidus (Sluiter). This fishery engaged at least 120 fishers using small boats (2.5-7.6 m) on day trips with prices that typically varied from 
| MANAG EMENT RECOMMENDATIONS
For both existing and emerging fishery species, there is a disparity between information required for effective species-specific management and the scale on which monitoring efforts and research Stoner et al., 2012b) . Fisheries bioeconomic models suggest that for enhanced fisheries yields, MPAs should be placed where fish productivity and dispersal, via either larval or adult export, are high enough that fishers' foregone harvests can be compensated by consistently larger yields and profits from surrounding areas (e.g., Sanchirico & Wilen, 2001 ). Other analyses suggest that when economic benefit-sharing is structured in appropriate ways, ecotourism value can provide sustainable compensation for forgone fisheries extraction from no-take MPAs (Sala et al., 2016; Wabnitz, Cisneros-Montemayor, Hanich, & Ota, 2018) . In addition, other social considerations, such as the design and implementation of locally appropriate MPA governance and management regimes are increasingly recognised as being important for MPA effectiveness through facilitation of public support and compliance (Bennett & Dearden, 2014; Kaplan et al., 2015) .
Given biophysical and economic variability across MPAs systematic understanding of how such social factors influence MPA effectiveness for fisheries management and biological conservation objectives remains challenging and requires more careful and sophisticated approaches to design, monitoring and assessment of MPA management . In the meantime, however, better integration of fisheries management and conservation goals in MPA planning is underway in The Bahamas (Green et al., 2016; Knowles, Green, Dahlgren, Arnett, & Knowles, 2017) , and further stakeholder engagement and strengthening of more integrated management offers the promise of simultaneously enhancing both MPA and fisheries management (Brumbaugh, 2017; Weigel et al., 2014) .
| CON CLUS ION
The future of fisheries depends on the successful use of adaptive measures to address both current and predicted anthropogenic and natural impacts to species and their habitats. In The Bahamas and other SIDS, exploited species provide key ecological functions that are critical to maintain healthy marine ecosystems. Their continued overexploitation therefore, beyond reducing stock productivity and prolonging recovery, may also reduce ecosystem resilience. In contrast to most single-or even multispecies management approaches, ecosystem-based fisheries management attempts to integrate more ecosystem components so that unintended ecological impacts from fishing can be minimised, trends in ecosystems can be better predicted and other human interests, and associated ecosystem services can be included and sustained. Precautionary and ecosystem-based approaches should be applied to all species and habitats, especially where data are limited or non-existent, to promote sustainable fisheries and maintain biodiversity. The use of MPAs is a good example of these approaches, but to be effective for managing fisheries, conserving biodiversity and protecting ecosystem function, MPAs need to be well designed, managed and prohibitive of activities that are extractive or degrade habitat quality.
Finally, in addition to the need for more targeted science and complementary precautionary management policies, scientific reasoning needs to be more accessible to policymakers and the public. Scientists and environmental organisations must therefore craft and deliver a range of succinct, science-grounded messages targeting multiple audiences to support legislation for species and ecosystem sustainability. Such a multi-faceted approach will help ensure that culturally and economically important natural resources will be available for future generations. The Bahamas has made considerable progress towards assessing the status of some species and protecting key habitats.
While additional research is required, preliminary results have highlighted both successful conservation actions and areas where fisheries regulations can be improved. Moving forward, the development and implementation of species-specific fishery regulations, national management plans (and where appropriate, regional plans), as well as greater exploration and development of ecosystem-based management approaches, will be important approaches to promote recovery and sustainability for current and emerging Bahamian fisheries and the ecosystems on which they depend.
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